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(57) ABSTRACT

The present invention relates to a method for screening a
modulator of a TMEM16 family member, which comprises
the following steps:

(1) treating cells expressing the TMEM16 family member
with a candidate of the modulator, and

(2) determining whether the candidate alters distribution of
a lipid selected from phosphatidylserine, phosphatidyl-
choline, and galactosylceramide in plasma membrane of
the cells,

wherein a candidate which increases distribution of phos-
phatidylserine in the outer leaflet of plasma membrane
compared to control is selected as a modulator enhancing a
function of the TMEM16 family member, and a candidate
which decreases distribution of phosphatidylserine in the
outer leaflet of plasma membrane compared to control is
selected as a modulator suppressing a function of the
TMEM16 family member, and

a candidate which increases distribution of phosphatidyl-
choline or galactosylceramide in the inner leaflet of plasma
membrane compared to control is selected as a modulator
enhancing a function of the TMEM16 family member, and
a candidate which decreases distribution of phosphatidyl-
choline or galactosylceramide in the inner leaflet of plasma
membrane compared to control is selected as a modulator
suppressing a function of the TMEM16 family member.

5 Claims, 29 Drawing Sheets
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1
METHOD FOR SCREENING A MODULATOR
OF A TMEM16 FAMILY MEMBER

This application claims priority to and the benefit of the
U.S. Provisional Application No. 61/624,491, filed on Apr.
16, 2012, the entire content of which is incorporated herein
by reference.

TECHNICAL FIELD

The present invention relates to a method for screening a
modulator of a TMEM16 family member.

BACKGROUND ART

Phospholipids and glycosphingolipids are distributed
asymmetrically in plasma membrane leaflets, with phospha-
tidylserine (PS) and phosphatidylethanolamine (PE) in the
inner leaflet, and phosphatidylcholine (PC), galactosylcer-
amide (GalCer) and glucosylceramide (GluCer) mainly in
the outer leaflet (1,2). The lipid asymmetry is disrupted in
various processes, including apoptotic cell death (3), acti-
vated platelets (4), red blood cell aging (5), pyrenocyte
formation in definitive erythropoiesis (6), fusion of macro-
phages, myocytes, or cytotrophoblasts (7-9), and sperm
capacitation (10).

Distribution of lipids in plasma membranes is regulated
by three types of lipid transporters: flippases, floppases and
scramblases. Flippases, also called ATP-dependent amino-
phospholipid translocases, transport aminophospholipids
from the extracellular leaflet to the cytoplasmic side (1,11).
The type IV-P-type ATPases (P4-ATPase), a subfamily of
the P-type ATPase multispan transmembrane proteins, are
strong candidates for flippases (12). Floppases are transport-
ers that move a wide range of lipids from the cytosolic to the
extracellular leaflet in an ATP-dependent manner. The ATP-
binding cassette (ABC) ATPase, particularly ABCA1, has
been proposed as a floppase (13), but ABCA1-deficient cells
exhibit no defects in transbilayer phospholipid movement
(14) arguing against this role.

Once established, the phospholipid distribution between
the outer and inner leaflets is not easily disrupted; ATP-
dependent translocase inactivation alone does not appear
sufficient to cause the rapid PS exposure seen in apoptotic
cell death and platelet activation. Thus, a phospholipid
scramblase that bi-directionally and non-specifically trans-
ports phospholipids in response to Ca2+ has been proposed
(15). Using a liposome reconstitution system with synthetic
phospholipids, Basse et al. (16) purified a 37-kDa protein
from human erythrocytes, and named it phospholipid scram-
blase (PLSCR). Its cDNA was then isolated (17). However,
since the Ca?*-induced PS exposure is normal in PLSCR1~~
cells (18), PLSCR’s function as a phospholipid scramblase
has been challenged (15,19).

By repeatedly selecting cell populations that efficiently
exposed PS in response to Ca®* ionophore, we recently
established a subline of mouse pro B cell line (Ba/F3) that
constitutively exposes PS (20). The Ba/F3 subline harbours
a mutated form of TMEMI16F protein, a protein carrying
eight transmembrane regions with cytoplasmic N- and C-ter-
mini. Ba/F3 cells carrying the mutated form of TMEM16F
constitutively exposed PS and PE, and internalized PC and
SM. We thus proposed TMEMI16F as a phospholipid scram-
blase (20). Confirming that TMEMI16F is a Ca2+-dependent
phospholipid scramblase, recessive TMEMI16F mutations
were identified in human patients with Scott syndrome
(20,21), which is known to result from a phospholipid-
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scrambling defect; these patients suffer from impaired blood
clotting. However, it is not clear if TMEMI16F is involved in
other processes, such as apoptotic cell death or cell fusion.
Two of the TMEM16 family’s 10 members, TMEM16A and
16B, are Ca**-dependent C1~ channels (22-24); this raises a
question of whether TMEMIG6F is likewise a C1~ channel,
and whether any other TMEM16 family members are phos-
pholipid scramblases.

SUMMARY OF INVENTION

We established an immortalized fetal thymocyte (IFET)
cell line from fetal thymus of mice carrying a floxed
TMEMIG6F allele. IFETs express TMEMI16F, 16H, and 16K,
and expose PS in response to a Ca®* ionophore. Deleting
TMEMIG6F in the IFETs completely abolished their ability
to expose PS in response to Ca®*-ionophore. On the other
hand, Fas ligand (Fasl) treatment efficiently induced PS
exposure in the TMEM16F- deficient cells. In the presence
of TMEM16C, 16D, 16F, 16G, and 16J, TMEMI16F~~
IFETs responded to Ca** ionophore by scrambling phos-
pholipids and galactosylceramide, while other family mem-
bers did not. On the other hands, the two family members,
TMEMI16A and 16B, but not others showed the Ca®*-
dependent C1~ channel activity. Based on those results, the
present invention is archived.

The present invention provides:

1. A method for screening a modulator of a TMEM16 family
member, which comprises the following steps:

(1) treating cells expressing the TMEM16 family member
with a candidate of the modulator, and

(2) determining whether the candidate alters distribution of
a lipid selected from phosphatidylserine, phosphatidyl-
choline, and galactosylceramide in plasma membrane of
the cells,

wherein a candidate which increases distribution of phos-

phatidylserine in the outer leaflet of plasma membrane

compared to control is selected as a modulator enhancing a

function of the TMEM16 family member, and a candidate

which decreases distribution of phosphatidylserine in the
outer leaflet of plasma membrane compared to control is
selected as a modulator suppressing a function of the

TMEM16 family member, and

a candidate which increases distribution of phosphatidyl-

choline or galactosylceramide in the inner leaflet of plasma

membrane compared to control is selected as a modulator
enhancing a function of the TMEM16 family member, and

a candidate which decreases distribution of phosphatidyl-

choline or galactosylceramide in the inner leaflet of plasma

membrane compared to control is selected as a modulator
suppressing a function of the TMEM16 family member;

2. The method of 1 above, wherein the TMEM16 family
member is TMEM 16C and the lipid is selected from
phosphatidylcholine and galactosylceramide;

3. The method of 1 above, wherein the TMEM16 family
member is TMEM 16D and the lipid is selected from
phosphatidylserine, phosphatidylcholine, and galactosyl-
ceramide;

4. The method of 1 above, wherein the TMEM16 family
member is TMEM 16G and the lipid is selected from
phosphatidylserine, phosphatidylcholine, and galactosyl-
ceramide; and

5. The method of 1 above, wherein the TMEM16 family
member is TMEM 16] and the lipid is selected from
phosphatidylserine, phosphatidylcholine, and galactosyl-
ceramide.
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In another embodiment, the present invention provides
the followings:

6. A method for screening a modulator of a TMEM16 family
member, which comprises the following steps:

(1) treating cells expressing the TMEM16 family member
with a candidate of the modulator, and

(2) determining whether the candidate alters distribution of
a lipid selected from phosphatidylserine and phosphati-
dylcholine in plasma membrane of the cells,

wherein a candidate which increases distribution of phos-
phatidylserine in the outer leaflet of plasma membrane
compared to control is selected as a modulator enhancing a
function of the TMEM16 family member, and a candidate
which decreases distribution of phosphatidylserine in the
outer leaflet of plasma membrane compared to control is
selected as a modulator suppressing a function of the
TMEMI16 family member, and
a candidate which increases distribution of phosphatidyl-
choline in the inner leaflet of plasma membrane compared to
control is selected as a modulator enhancing a function of
the TMEM16 family member, and a candidate which
decreases distribution of phosphatidylcholine in the inner
leaflet of plasma membrane compared to control is selected
as a modulator suppressing a function of the TMEMI16
family member;

7. The method of 6 above, wherein the TMEM16 family
member is TMEM 16C and the lipid is phosphatidylcho-
line;

8. The method of 6 above, wherein the TMEM16 family
member is TMEM 16D and the lipid is selected from
phosphatidylserine and phosphatidylcholine;

9. The method of 6 above, wherein the TMEM16 family
member is TMEM 16G and the lipid is phosphatidylcho-
line; and

10. The method of 6 above, wherein the TMEM16 family
member is TMEM 16J and the lipid is phosphatidylcho-
line.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A-1D: Establishment of TMEM16F~~ IFET Cell
Line.

A, Schematic representation of wild-type and mutant
TMEMIG6F alleles together with the targeting vector. Rec-
ognition sites for Eco RI (E), Eco RV (V), Kpn I (K), and
Sma I (S) in the flanking region of exon 2 (filled box) are
indicated. In the target vector, a 1.0-kb DNA fragment
carrying exon 2 and its flanking region was replaced by a
2.7-kb fragment carrying two loxP sequences (filled arrow-
head) and PGK-neo (Neo®) flanked by FRT sequences (gray
arrowhead). Diphtheria toxin A-fragment (DT-A) driven by
the tk promoter was inserted at 5' site of the vector. In
NeoFRT allele, TMEM16F chromosomal gene was replaced
by the targeting vector. In Floxed allele, the FRT-flanked
NeoR gene was removed by FLPe recombinase. In deleted
allele, the loxP-flanked exon 2 of TMEMI16F gene was
deleted by Cre recombinase. Primers used in FIG. 1C are
indicated by arrows. Scale bar, 1.0 kb.

B, Real-time PCR analysis for mRNA of TMEMI6F
family members in IFETs. An IFET cell line was established
from TMEM16F%*/° fetal thymocytes. TMEMI16A-16H,
16J and 16K mRNA in TMEM16F**/* IFETs was quan-
tified by real-time PCR, and expressed relative to f-actin
mRNA. The experiment was carried out for three times, and
the average value was plotted with S.D. (bar).

C, Deletion of TMEMI16F exon 2 in the IFET cell line.
TMEMI16F** TFETs were infected by Cre-bearing
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adenovirus to establish TMEM16F~~ IFET cells. Chromo-
somal DNA from TMEMI16F*°* and TMEMI16F~"~
IFETs was analyzed by PCR with the primers indicated in
FIG. 1A.

D, Western blots for TMEM16F in TMEM16F%*/* and
TMEMI16F~~ IFETs. Cell lysates (10 pg proteins) were
separated by 7.5% SDS-PAGE, and blotted with rabbit
anti-TMEMI16F serum (upper panel) or anti-a-tubulin anti-
body (lower panel). Molecular weight standards (Precision
Plus Standard, Bio-Rad) are shown in kDa at left.

FIG. 2A-2G: An Indispensable Role of TMEMI16F for
Ca**-Induced but not Apoptotic PS Exposure.

A, Ca®* ionophore induced PS exposure. TMEM-
16F % ox and TMEM16F~"~ IFETs were treated at 20° C.
with 3.0 uM A23187 in the presence of Cy5-labeled Annexin
V. Annexin V-binding to the cells was monitored by flow
cytometry for 10 min, and expressed in MFI (mean fluo-
rescence intensity).

B and C, Ca** ionophore induced lipid internalization.
TMEMI16F*** and TMEM16F~'~ IFETs were treated at
15° C. with 250 nM A23187 in the presence of 100 nM
NBD-PC (B) or 250 nM NBD-GalCer (C). Using aliquots of
the reaction mixture, the BSA-non extractable level of
NBD-PC or NBD-GalCer in the SytoxBlue-negative popu-
lation was determined at the indicated time by FACSAria,
and expressed in MFI.

D, Transformation of IFETs with mouse Fas.
TMEM16F*x and TMEM16F~~ IFETs were infected
with a retrovirus carrying mouse Fas, and were stained with
a PE-labeled hamster mAb against mouse Fas. The staining
profile of parental cells is also shown.

E-G, Fasl.-induced apoptosis. Fas-expressing
TMEM16F*/* and TMEM16F~"~ IFETs were treated at
37° C. for 2 h with 60 units/ml FasL in the absence or
presence of 50 uM Q-VD-OPh. In E, the cells were per-
meabilized with 90% methanol, and stained with rabbit
anti-active caspase 3 followed by incubation with Alexa
488-labeled goat anti-rabbit IgG. In F, cells were stained
with CyS5-labeled Annexin V and PI and analyzed by FAC-
SAria. In G, cells were analyzed by FACSAria before and
after FasL. treatment; the FSC and SSC profiles are shown.

FIG. 3A-3B: Ca**-Dependent PS Exposure by TMEM16
Family Members.

The ten TMEM16 family members were FLLAG-tagged at
C-terminus and introduced into TMEMI16F~~ IFETs to
establish stable transformants.

A, Western blotting. TMEM16 protein expression in each
transformant was analyzed by Western blotting with an
anti-FLAG mAb. Note that the amount of TMEM16K lysate
protein analyzed was one-eighth that of the others.

B, Ca**-induced PS exposure by TMEM16 family mem-
bers. TMEM16F~~ IFETs transformed with the indicated
TMEMI16 family member were stimulated with 3.0 uM
A23187. Annexin V binding was monitored with a FAC-
SAria at 20° C. for 2 min, and expressed in MFI. The
experiments were carried out for three times, and the aver-
age values were plotted with S.D. (bars).

FIG. 4A-4C: Ca**-Dependent Internalization of NBD-PC
and NBD-GalCer by TMEM16 Family Members.

A and C, The ability of TMEM16 family members to
internalize NBD-PC and NBD-GalCer. TMEM16F~~ IFETs
transformed with the indicated TMEM16 family member
were treated at 15° C. with (+) or without (-) 250 nM
A23187 in the presence of 100 nM NBD-PC for 4 min (A)
or 250 nM NBD-GalCer for 5 min (C), and the internalized,
or BSA-non extractable NBD-PC or NBD-GelCer, was
quantified by FACSAria, and expressed in MFI.
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B, Requirement of Ca** for the constitutive internaliza-
tion of NBD-PC by TMEM16D. The TMEM16D transfor-
mants of TMEMI16F~"~ IFETs were treated with 40 uM
BAPTA-AM for 30 min in Ca®>*-free RPMI, and incubated
at 15° C. for 8 min in HBSS containing 1 mM CaCl, and 100
nM NBD-PC. The internalized NBD-PC was determined as
above, and expressed as percentage of the internalized
NBD-PC obtained without BAPTA-AM treatment.

All experiments in FIGS. 4A, 4B, and 4C were carried out
for three times, and the average values were plotted with
S.D. (bars).

FIG. 5A-5C: Ca**-Dependent Cl--Channel Activity of
TMEM16 Family Members.

A, Expression of TMEM16 family members in HEK293T
cells. HEK293T cells were transfected with a pEF-BOS-EX
vector carrying cDNA for the flag-tagged TMEM16 family
member. Two days later, the expression level of each
TMEMI16 member was analyzed by Western blotting with
anti-Flag and anti-a-tubulin mAbs. Note that the amount of
TMEMI16K lysate protein analyzed was one-cighth that of
the others.

B, Ca** ionophore-induced TMEM16A and 16B CI--
channel activity. HEK293T cells were co-transfected with a
pEF-BOS-EX vector carrying TMEM16A or 16B cDNA,
and pMAX-EGFP. Two days later, the Cl™-channel activity
of EGFP-positive cells was examined by electrophysiology.
The pipette (intracellular) solution contained 500 nM free
Ca®*. Representative whole-cell membrane currents elicited
at =120 to +120 mV in 10 mV-steps are shown for vector-,
TMEMI16A-, and 16B-transfected cells. The holding mem-
brane potential was maintained at 0 mV.

C, Outward rectification of the C1~ current by TMEM16
family members. HEK293T cells were co-transfected with
pPMAX-EGFP and pEF-BOS-EX vector for the indicated
TMEM16 family member, and electrophysiology was car-
ried out as described above. Membrane currents were mea-
sured at the indicated voltage pulses (Vm). Experiments
were independently done 3-5 times, and the average values
were plotted against the applied membrane potential with
S.D. (bars).

FIG. 6A-6C: Real-Time PCR Analysis for TMEMI16
Family Member mRNA in Mouse Tissues.

RNA was prepared from the indicated mouse tissues, and
mRNA level quantified by real-time PCR were expressed
relative to f-actin mRNA for each TMEM16 family mem-
ber.

FIG. 7A-7C: The Designed Nucleotide Sequence for
Mouse TMEM16C.

The first 20 nucleotides carry Bam H1 (GGATCC) and
Kozak sequence for ribosome-binding (CCACC) in front of
ATG initiation codon. The coding sequence is followed by
an Eco R1 recognition sequence (GAATTC).

FIG. 8A-8C: The Designed Nucleotide Sequence for
Mouse TMEM16D.

The first 20 nucleotides carry Bam H1 (GGATCC) and
Kozak sequence for ribosome-binding (CCACC) in front of
ATG initiation codon. The coding sequence is followed by
an Eco R1 recognition sequence (GAATTC).

FIG. 9A-9C: The Designed Nucleotide Sequence for
Mouse TMEM16E.

The first 20 nucleotides carry Bam H1 (GGATCC) and
Kozak sequence for ribosome-binding (CCACC) in front of
ATG initiation codon. The coding sequence is followed by
an Eco R1 recognition sequence (GAATTC).

DESCRIPTION OF EMBODIMENTS

“A TMEM16 family member” is a protein which has 8
transmembrane regions with cytosolic N- and C-termini.
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Although ten TMEM16 family members are known (35, 36),
“a TMEM16 family member” in the present invention is
selected from TMEMI16C, TMEMI16D, TMEMI16G, and
TMEM16J. The TMEM16 family member of the present
invention may be derived from, but not limited to, human,
monkey, mice, or rabbit. The amino acid sequences of
human TMEMI16C, TMEMI16D, TMEMI16G, and
TMEM161] are disclosed under the NCBI reference number
NP_113606.2 (TMEM16C), NP_849148.2 (TMEMI16D),
NP_001001666.1 (TMEM16G), and NP_001012302.2
(TMEM161D).

“A candidate of a modulator of a TMEM16 family mem-
ber may be a natural or synthetic product, and may be
low-molecular compounds, proteins, nucleic acid mol-
ecules, peptides, antibodies, or cell extract or culture super-
natant of microorganisms, plants or animals. The candidate
may be provided in a form of a library, such as a library of
low-molecular compounds, peptides, or antibodies.

As used herein, “cells expressing a TMEMI16 family
member” includes cells which express the TMEM16 family
member in nature from the genome, and cells which express
the TMEM16 family member from a gene encoding the
TMEMI16 family member which has been introduced into
the cells. The cells may be derived from, but not limited to,
human, monkey, mice, or rabbit. For example, human HeL.a,
human EBV (Epstein Barr Virus)-transformed B cell line,
mouse MEF (embryonal fibroblasts), and mouse pro B cell
line Ba/F3 may be used in the present invention.

“A modulator of a TMEMI16 family member” includes
both “a modulator enhancing a function of a TMEMI16
family member” and “a modulator suppressing a function of
a TMEM16 family member”. As used herein, “enhancing (or
suppressing) a function of a TMEM16 family member”
means promoting (or inhibiting) a biological function of a
TMEM16 family member as a lipid scramblase in cells or
animals. “A modulator of a TMEM16 family member” may
be an agent directly affecting the function of the TMEM16
family member protein, or an agent increasing or decreasing
expression of the TMEM16 family member. “Increasing or
decreasing expression of a TMEMI16 family member”
includes increasing or decreasing mRNA expression from a
gene encoding the TMEM16 family member, and increasing
or decreasing protein expression of the TMEMI16 family
member. Therefore, “a modulator of a TMEMI16 family
member” includes an agent affecting a regulatory sequence
of a gene encoding the TMEM16 family member such as a
promoter or enhancer, and also includes an antisense oligo-
nucleotide (DNA or RNA), siRNA, miRNA, and lybozyme
prepared according to the sequence of the gene encoding the
TMEM16 family member.

In the method of the present invention, the enzymatic
activity of a TMEM16 family member as a lipid scramblase
is measured. The lipid is selected from the group consisting
of phosphatidylserine (PS), phosphatidylcholine (PC), and
galactosylceramide (GalCer). Under the normal condition,
PS is distributed in the inner leaflet of plasma membrane and
PC and GalCer are distributed in the outer leaflet of plasma
membrane. The TMEM16 family member of the present
invention moves PS to the outer leaflet of plasma membrane
(i.e., exposes PS) and moves PC and GalCer to the inner
leaflet of plasma membrane (i.e., internalizes PC and Gal-
Cer). The enzymatic activity of a TMEM16 family member
may be measured by determining distribution of the lipid in
plasma membrane.

A candidate which increases distribution of phosphatidyl-
serine in the outer leaflet of plasma membrane compared to
control is selected as a modulator enhancing a function of
the TMEMI16 family member, and a candidate which
decreases distribution of phosphatidylserine in the outer
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leaflet of plasma membrane compared to control is selected
as a modulator suppressing a function of the TMEMI16
family member. A candidate which increases distribution of
phosphatidylcholine or galactosylceramide in the inner leaf-
let of plasma membrane compared to control is selected as
a modulator enhancing a function of the TMEM16 family
member, and a candidate which decreases distribution of
phosphatidylcholine or galactosylceramide in the inner leaf-
let of plasma membrane compared to control is selected as
a modulator suppressing a function of the TMEM16 family
member. As used herein, “control” means distribution of the
same lipid in the same leaflet in cells expressing the same
TMEM16 family member in the absence of the candidate of
the modulator.

TMEM16C functions as a scramblase for PC and GalCer.
Accordingly, a candidate which increases distribution of PC
or GalCer in the inner leaflet of plasma membrane compared
to control is selected as a modulator which enhancing a
function of TMEMI16C, and a candidate which decreases
distribution of PC or GalCer in the inner leaflet of plasma
membrane compared to control is selected as a modulator
suppressing a function of TMEM16C.

TMEMI16D functions as a scramblase for PS, PC, and
GalCer. Accordingly, a candidate which increases distribu-
tion of PS in the outer leaflet of plasma membrane compared
to control is selected as a modulator enhancing a function of
TMEM16D, and a candidate which decreases distribution of
PS in the outer leaflet of plasma membrane compared to
control is selected as a modulator suppressing a function of
TMEMI16D. Also, a candidate which increases distribution
of PC or GalCer in the inner leaflet of plasma membrane
compared to control is selected as a modulator which
enhancing a function of TMEM16D, and a candidate which
decreases distribution of PC or GalCer in the inner leaflet of
plasma membrane compared to control is selected as a
modulator suppressing a function of TMEM16D.

TMEMI16G functions as a scramblase for PS, PC, and
GalCer. Accordingly, a candidate which increases distribu-
tion of PS in the outer leaflet of plasma membrane compared
to control is selected as a modulator enhancing a function of
TMEM16G, and a candidate which decreases distribution of
PS in the outer leaflet of plasma membrane compared to
control is selected as a modulator suppressing a function of
TMEM16G. Also, a candidate which increases distribution
of PC or GalCer in the inner leaflet of plasma membrane
compared to control is selected as a modulator which
enhancing a function of TMEM16G, and a candidate which
decreases distribution of PC or GalCer in the inner leaflet of
plasma membrane compared to control is selected as a
modulator suppressing a function of TMEM16G.

TMEMI16] functions as a scramblase for PS, PC, and
GalCer. Accordingly, a candidate which increases distribu-
tion of PS in the outer leaflet of plasma membrane compared
to control is selected as a modulator enhancing a function of
TMEM161, and a candidate which decreases distribution of
PS in the outer leaflet of plasma membrane compared to
control is selected as a modulator suppressing a function of
TMEM161. Also, a candidate which increases distribution of
PC or GalCer in the inner leaflet of plasma membrane
compared to control is selected as a modulator which
enhancing a function of TMEM16J, and a candidate which
decreases distribution of PC or GalCer in the inner leaflet of
plasma membrane compared to control is selected as a
modulator suppressing a function of TMEM161.

In the step “(1) treating cells expressing the TMEM16
family member with a candidate of the modulator”, typi-
cally, the candidate is added to the culture medium of the
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cells in the presence of Ca®*. When appropriate, calcium
ionophore such as A23187 may be added to the culture
medium at the same time or after the addition of the
candidate.

Distribution of PS in plasma membrane may be deter-
mined by detecting the binding between PS exposed to the
cell surface and an agent which has a property to bind to PS,
such as AnnexinV or MFG-ES (also called as lactadherin).
For example, cells expressing a TMEM16 family member
which has been treated with a candidate are treated with
fluorescently-labelled AnnexinV and the amount of Annex-
inV bound to the cell surface is measured.

Distribution of PS in plasma membrane also may be
determined based on blood-clotting reaction. For example,
cells expressing a TMEM16 family member are treated with
a candidate of the modulator and also with calcium iono-
phore concurrently with or after the treatment with the
candidate, and mixed with agents required for blood coagu-
lation such as factor Xa, factor Va, and prothrombin, and
then production of thrombin is measured. Alternatively,
fibrinogen may be further added to the cell culture to
measure production of fibrin.

Distribution of PC and GalCer in plasma membrane may
be determined by using a fluorescently-labeled lipid. As a
fluorescent label, NBD and TopFluor may be used. For
example, a fluorescently-labeled lipid is added to the culture
medium such that the fluorescently-labeled lipid is incorpo-
rated into outer leaflet of plasma membrane of cells express-
ing a TMEM16 family member. When the TMEM16 family
member functions as a lipid scramblase, the fluorescently-
labeled lipid is moved to the inner leaflet of plasma mem-
brane (i.e., internalized). Therefore, cells expressing a
TMEM16 family member may be treated with a candidate of
the modulator, and also with calcium ionophore if needed, in
the presence of a fluorescently-labeled lipid such as NBD-
PC or NBD-GalCer. The cells were then treated with BSA
to remove unincorporated NBD-PC or NBD-GalCer, fol-
lowed by measuring the NBD-PC or NBD-GalCer incorpo-
rated into cell by a flow cytometry.

Abnormality (mutations and over-expression) in
TMEM16 family members is known to cause various human
diseases (36). For example, genetic mutations in
TMEMI16C, 16E, 16F and 16K are associated with cranio-
cervical dystonia (58), musculoskeletal disorder (49, 51),
bleeding disorder (20), and ataxia (52), respectively.
TMEMI16A and 16G are over-expressed in human gastro-
intestinal stromal tumors/head and neck squamous carci-
noma, and prostate cancer, respectively (59, 60). Therefore,
the method of the present invention is useful for the devel-
opment of therapeutic or prophylactic agents for such dis-
eases.

Example
Experimental Procedures

Materials and Cell Lines

Leucine-zipper-tagged human Fas[. was produced in
COS7 cells as described (25). One unit of FasL is defined as
the activity that kills 1.0x10> mouse WR19L cell expressing
Fas (W3 cells) in 4 h. A caspase inhibitor, Q-VD-OPh
(quinolyl-valyl-O— methylaspartyl-[-2,6-difluorophe-
noxy|-methyl ketone) was purchased from R&D systems
(Minneapolis, Minn.). IFETs were maintained in RPMI
medium containing 10% FCS (Nichirei Bioscience, Tokyo,
Japan) and 50 uM p-mercaptoethanol. HEK293T and Plat-E
cells (26) were cultured in DMEM containing 10% FCS.
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c¢DNA Cloning

Mouse TMEMI16F ¢DNA (NCBI: NM_175344) was
described (20). Mouse cDNAs for TMEM16A (GenBank:
BC062959.1), 16B (GenBank: BC033409.1), and 16G
(GenBank: BC116706.1) were from DNAFORM (Yoko-
hama, Japan). Mouse cDNAs for TMEM16C (NCBI:
NM_001128103.1), 16D  (Ensemble: = ENSMUST
00000070175), and 16K (NCBL NM_133979.2) were
cloned from brain tissue by RT-PCR, while cDNAs for
TMEMI6E (NCBL: NM_177694.5), 16H (NCBL
NM_001164679.1), and 16] (NCBI: NM_178381.3) were
isolated from the skeletal muscle, thymus, and stomach,
respectively. All cDNAs were verified by sequencing. The
following primers were used to isolate TMEM16 cDNAs
(the extra sequence for the restriction enzyme is underlined):

(SEQ ID NO: 1
5'-ATATGGATCCACCATGAGGGTCCCCGAGAAGTA,

TMEM16A,
and

(SEQ ID NO: 2
5'-ATATGAATTCCAGCGCGTCCCCATGGTACT;

TMEM16B,
(SEQ ID NO: 3)
5'-ATATGAATTCCGCATGCACTTTCACGACAACCA,
and
(SEQ ID NO: 4)
5'-ATATGAATTCTACATTGGTGTGCTGGGACC;
TMEM16C,
(SEQ ID NO: 5)
5'-ATATGGATCCAAAATGGTCCACCACTCAGGCTC,
and
(SEQ ID NO: 6)
5'-ATATCAATTGAGGCCATTCATGGTGAATAG;
TMEM16D,
(SEQ ID NO: 7)
5'-ATATAGATCTAAAATGGAGGCCAGCTCTTCTGG,
and
(SEQ ID NO: 8)
5'-ATATCAATTGTGGCCACTCATTGTGATGTG;
TMEM16E,
(SEQ ID NO: 9)
5' -ATATGGATCCGAGATGGTGGAGCAGGAAGGCTT,
and
(SEQ ID NO: 10)
5'-ATATCAATTGGACTGTAGTTTTAGCCTTCA;
TMEM16G,
(SEQ ID NO: 11)
5'-ATATAGATCTGACATGCTGCGGGGGCAAGCGCG,
and
(SEQ ID NO: 12)
5'-ATATGAATTCGCCTCCGGTAACCCCTACTG;
TMEM16H,
(SEQ ID NO: 13)
5'-ATATAGATCTGCCATGGCCGAGGCGGCTTCGGG,
and
(SEQ ID NO: 14)
5'-ATATGAATTCAGGCCTGTGACCTGCGTCCT;
TMEM16J,
(SEQ ID NO: 15)
5'-ATATGAATTCAGCATGCAGGATGATGAGAGTTC,
and
(SEQ ID NO: 16)
5'-ATATCAATTGTACATCCGTGCTCCTGGAAC;
TMEM16K,
(SEQ ID NO: 17)
5'-ATATGGATCCAAGATGAGAGTGACTTTATCAAC,
and
(SEQ ID NO: 18)

5'-ATATCAATTGGGTAGCTTCCTTCCCATCTT .
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Since the native mouse cDNAs for TMEM16C, 16D, and
16E produced a low level of proteins in mammalian cells,
sequences with enhanced mRNA stability and translational
efficiency were custom ordered from GENEART (Regens-
burg, Germany) (FIGS. 7-9, SEQ ID NOS: 19-21).
Establishment of TMEM16F~"~ IFET Cell Line

TMEMI16F conditionally targeted mice were generated
by UNITECH (Chiba, Japan) as a custom order. In brief, a
neo-loxP cassette carrying the PGK promoter-driven neo
gene and flanked by FRT sequences was inserted into intron
3 of the TMEMI16F gene (FIG. 1A). A 1.0 kb-DNA fragment
containing exon 2 was replaced with a fragment carrying the
corresponding sequence and a loxP sequence. The diphtheria
toxin A-fragment (DT-A) driven by the thymidine kinase
(tk) promoter, was inserted at 5' end of the vector. Mouse
Bruce-4 ES cells were transfected with the targeting vector
by electroporation, and G418-resistant clones were screened

for homologous recombination by PCR. Positive
clones were injected into blastocysts to generate
TMEMI16F*"*#XT mice.

The TMEMI16F*™*°¥RT mice were crossed with CAG-
FLPe transgenic mice to remove the Neo cassette (27).
Offspring were backcrossed to wild-type CS57BL/6
mice to remove the CAG-FLPe transgene, generating
TMEM16F*/°* mice. Mice were housed in a specific patho-
gen-free facility at Kyoto University, and all animal experi-
ments were carried out in accordance with protocols
approved by Kyoto University.

IFET cell lines were established as described (28). In
brief, TMEMI16F*/* mice were intercrossed, and fetal
thymocytes were obtained at embryonic day 14.5. Thymo-
cytes were cultured in DMEM containing 10% FCS, 1x
non-essential amino acids, 10 mM Hepes-NaOH buffer (pH
7.4), and 50 uM p-mercaptoethanol. Retroviruses carrying
genes for H-ras”** and c-myc were produced in Plat-E cells
with pCX4 vector (29), concentrated by centrifugation, and
attached to RetroNectin-coated plates (Takara Bio, Kyoto,
Japan). Thymocytes were attached to the retrovirus-coated
plate by centrifugation at 400xg for 5 min, and cultured in
medium containing 5 ng/ml mouse IL.-7 (PeproTech, Rocky
Hill, N.J.) (30). The resultant IFETs were infected with
1x10° pfu/ml Adeno-Cre (Takara Bio) and cloned by limited
dilution. Clones carrying the TMEMI16F~~ allele were
selected by PCR with following primers: wild-type specific
sense primer, CTCCAGAGTTTGTAAGTAACACAT (SEQ
ID NO: 22), mutant specific sense primer, CAGTCATC-
GATGAATTCATAACTT (SEQ ID NO: 23), and common
anti-sense primer, AAGACTGATTTCCAAGG TTATC-
GAA (SEQ ID NO: 24).

Transformation of TMEM16F~~ IFETs

Mouse TMEM16 ¢cDNAs were inserted into pMXs puro
c-FLAG (20) to express proteins tagged with FLAG at the
C-terminus. Retrovirus was produced in Plat-E cells, and
used to infect TMEM16F~~ IFETs. Stable transformants
were selected in medium containing 2 pg/ml puromycin.
Mouse Fas cDNA (GenBank: NM_007987) was introduced
into IFETs by retrovirus-mediated transformation, and its
expression was confirmed by flow cytometry with an anti-
Fas mAb (Jo2) (MBL, Nagoya, Japan).

Real-Time PCR

Total RNA was reverse-transcribed using Superscript 11
reverse-transcriptase (Invitrogen, Carlsbad, Calif.) or a High
Capacity RNA-to-cDNA™ kit (Applied Biosystems, Foster
City, Calif.). Aliquots of the products were amplified in a
reaction mixture containing LightCycler®480 SYBR Green
I Master (Roche Diagnostics, Basel, Switzerland). Primers
used for real-time PCR were as follows: TMEMI16A, 5'-AC-
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CCCGACGCCGAATGCAAG (SEQ ID NO: 25), and
5'-GCTGGTCCTGCCTGACGCTG (SEQ ID NO: 26);
16B, 5'-GAGGCGCACACCTGGGTCAC (SEQ ID NO:
27), and 5'-ATGGGGCGTGGATCCGGACA (SEQ ID NO:
28); 16C, 5-GCCAGCAATTGCCAACCCCG (SEQ ID
NO: 29), and 5'-GCAGTCCGACTCCTCCAGCTCT (SEQ
IDNO: 30); 16D, 5'-ACAGGCATGCTCTTCCCCGC (SEQ
ID NO: 31), and 5-GCGATCACTGCTCGGCGTCT (SEQ
ID NO: 32); 16E, 5-AGCAGCTCCAGCTTCGGCCT
(SEQ ID NO: 33), and 5-TTCACGCTCTGCAGGGTGGC
(SEQ ID NO: 34); 16F, 5'-CCCACCTTTGGATCACTGGA
(SEQ ID NO: 35), and 5-TCGTATGCTTGTCTTTTCCT
(SEQID NO: 36); 16G, 5'-ACATGTGCCCGCTGTGCTCC
(SEQ ID NO: 37), and 5'-GGGCCGAGGCCTCTCCTCAA
(SEQ ID NO: 38); 16H, 5-TGGAGGAGCCACGTC-
CCCAG (SEQ ID NO: 39), and 5'-GCGGGGCAGACCCT-
TCACAC (SEQ ID NO: 40); 161, 5-GCTGTGGTGGT-
GACTGGGGC (SEQ 1D NO: 41), and
5'-CCAGGCGCGTGGATTTCCCA (SEQ ID NO: 42),
16K, 5'-TGGGGGCAGAAGCAGTCGGT (SEQ ID NO:
43), and 5-GGCCTGTGGGTAGCCAGGGAT (SEQ ID
NO: 44); B-actin, 5'-TGTGATGGTGGGAATGGGTCAG
(SEQ ID NO: 45) and 35-TTTGATGTCACGCAC-
GATTTCC (SEQ ID NO: 46).

The mRNA was quantified at the point where Light
Cycler System detected the upstroke of the exponential
phase of PCR accumulation with the respective linearized
plasmid DNA as reference.

Western Blotting

Cells were lysed in RIPA buffer [S0 mM Hepes-NaOH
buffer (pH 8.0) containing 1% NP-40, 0.1% SDS, 0.5%
sodium deoxycholate, 150 mM NaCl, and protease inhibitor
cocktail (cOmplete Mini, Roche Diagnostics)]. After remov-
ing debris, cell lysates were mixed with 5xSDS sample
buffer [200 mM Tris-HCI (pH 6.8), 10% SDS, 25% glycerol,
5% p-mercaptoethanol, and 0.05% Bromophenolblue],
incubated at room temperature for 30 min, and separated by
10% SDS-PAGE (Bio Craft, Tokyo, Japan). After transfer-
ring proteins to a PVDF membrane (Millipore, Billerica,
Mass.), membranes were probed with HRP-conjugated
mouse anti-FLAG M2 (Sigma-Aldrich, St. Louis, Mo.), and
peroxidase activity was detected using a Western Light-
ning®-ECL system (PerkinElmer, Waltham, Mass.).

To prepare rabbit antibody against mouse TMEM16F, the
N-terminal region of mouse TMEMI16F (amino acids from
1-289) was fused to glutathione-S-transferase (GST) in a
pGEX-5X-1 vector (GE Healthcare, Buckinghamshire, Eng-
land). The recombinant protein was produced in E. coli,
purified with Glutathione-Sepharose, and used to immunize
rabbits at Takara Bio as a custom order. Western blotting
with the rabbit anti-TMEMI16F and HRP-labeled goat anti-
rabbit Ig (Dako, Copenhagen, Denmark) was carried out as
described above using Immunoreaction Enhancer Solution
(Can Get Signal®, Toyobo Life Science, Tokyo, Japan).
Analysis of PS Exposure

The Ca**-induced PS exposure were examined as
described (20). In brief, 5x10° cells were stimulated at 20°
C. with 3.0 uM A23187 in 500 pl of 10 mM Hepes-NaOH
buffer (pH 7.4) containing 140 mM NaCl, 2.5 mM CaCl,
and 5 pg/ml Propidium lodide (PI), and 1000-fold-diluted
Cy5-labeled Annexin V (Bio Vision, Milpitas, Calif.), and
applied to the injection chamber of a FACSAria (BD Bio-
science, Franklin Lakes, N.J.) set at 20° C.

Internalization of NBD-PC and NBD-GalCer

Cells (10°) were stimulated at 15° C. with 250 nM
A23187 in 1 ml Hank’s Balanced Salt Solution (HBSS)
(Gibco, Billings, Mont.) containing 1 mM CaCl,, with a
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fluorescent probe, 100 nM 1-oleoyl-2-{6-[(7-nitro-2-1,3-
benzoxadiazol-4-yl)amino]hexanoyl} -sn-glycero-3-phos-
phocholine (NBD-PC) (Avanti Polar Lipids, Alabaster,
Ala.), or 250 nM N-[6-[(7-nitro-2-1,3-benzoxadiazol-4-yl)
amino]hexanoyl]-D-galactosyl-f1-1'-sphingosine (C6-NBD
galactosyl ceramide or NBD-GalCer) (Avanti Polar Lipids).
Aliquots (150 pl) were mixed with 150 pl HBSS containing
5 mg/ml fatty-acid free BSA (Sigma-Aldrich) and 500 nM
Sytoxblue (Molecular Probes, Eugene, Oreg.), and analyzed
by FACSAria.
Induction of Apoptosis

Apoptosis was induced with Fasl. as described (25). In
brief, IFETs expressing mouse Fas were treated with 60
units/ml Fasl. at 37° C. for 2 h, and PS exposure was
determined by flow cytometry with Cy5-Annexin V. To
detect activated caspase 3, cells were fixed at 37° C. for 10
min in PBS containing 1% paraformaldehyde, permeabi-
lized with 90% methanol at —20° C., and stained with rabbit
mAb against active caspase 3 (Cell Signaling, Danvers,
Mass.). Cells were then incubated with Alexa 488-labeled
goat anti-rabbit 1gG (Invitrogen), and analyzed by FAC-
SAria.

Electrophysiology

TMEM16 sequences, FLLAG-tagged at C-terminus, were
inserted into pEF-BOS-EX (31). HEK293T cells (2.5x10°)
were co-transfected with 1.0 ng of TMEM16 expression
vector and 0.1 pg of pMAX-EGFP (Lonza Group, Basel,
Switzerland) using FuGENEG6 (Promega, Madison, Wis.). At
24 h after transfection, cells were re-seeded on glass cov-
erslips coated with fibronectin (Sigma-Aldrich). Within 24 h
after re-seeding, whole-cell recordings of cells expressing
EGFP were performed using a patch-clamp amplifier (Axo-
patch 200B, Molecular Devices, Sunnyvale, Calif.) as
described (23,32). The extracellular solution contained 140
mM NaCl, 5 mM KCl, 2 mM CaCl,, 1 mM MgCl,, 30 mM
glucose, and 10 mM Hepes-NaOH (pH 7.4). The intracel-
lular solution contained 140 mM NaCl, 1.12 mM EGTA, 1
mM CaCl,, 30 mM glucose, and 10 mM Hepes-NaOH
(pH7.4). The free Ca**concentration (500 nM) was calcu-
lated with WEBMAXC software.

Results
Establishment of TMEM16F~~ Fetal Thymocyte Cell Lines

Ca®*-dependent PS exposure is reduced by knocking
down TMEMI16F mRNA and accelerated by TMEMI16F
overexpression, suggesting that TMEMI16F is a phospho-
lipid scramblase (20). To demonstrate TMEM16F’s involve-
ment in Ca®**-dependent phospholipid scrambling and to
determine whether TMEMI16F plays a role in exposing PS
to the cell surface during apoptotic cell death, we established
from fetal thymus tissue a TMEM16F-deficient mouse cell
line that expresses a small number of TMEM16 family
members, including TMEMI16F (see below).

A targeting vector in which exon 2 of TMEMI16F gene
was flanked by loxP sequences was used to replace the
TMEMIG6F allele in a mouse embryonic stem cell (ES) line
from a C57BL/6 background (FIG. 1A). Mice carrying the
floxed allele were generated from the ES clone, and inter-
crossed. Embryos were genotyped at embryonic day 14.5,
and fetal TMEM16F%*7°* thymus cells were infected with
a retrovirus carrying H-ras”*? and c-myc to establish IFET
cell lines. Flow cytometry analysis showed that IFETs
expressed Thy-1 weakly and CD44 strongly, but did not
express CD4 or CDS; this indicated that they were derived
from a T-cell lineage at an early developmental stage. A
real-time RT-PCR analysis showed that IFETs expressed
TMEMIG6F, 16H and 16K (FIG. 1B). Next, IFETs were
infected with adenovirus carrying the CRE recombinase
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gene, and cells missing exon 2 of the TMEMI16F gene
were cloned (FIG. 1C). Removing exon 2 causes a frame-
shift and truncates TMEMI16F protein at the N-terminal
region. Accordingly, Western blotting with an anti-
TMEMI16F antibody showed broad bands around 120 kDa
in TMEM 16F*/°* but not TMEM16F '~ IFETs (FIG. 1D).
An apparent Mr of TMEMI16F detected by SDS-PAGE is
slightly larger than the expected Mr for TMEMI16F (106
kDa), which may be explained by glycosylation, since
mouse TMEMI16F carry 6 putative N-glycosylation sites
(Asn-X-Ser/Thr).

Requirement of TMEM16F for Ca**-Induced, but not Apop-
totic PS-Exposure

TMEM16F*7# IEETs treated at 20° C. with a Ca®*
ionophore A23187 quickly exposed PS (FIG. 2A); however,
this exposure was completely absent in TMEM16~"~ IFETs.
Similarly, the treatment of TMEMI6F™* but not
TMEMI16F~~ IFETs with A23187 caused rapid PE-expo-
sure, detected by binding of RO-peptide (20) (data not
shown). We then examined the role of TMEMI16F in lipid
internalization, and found that TMEMI16F%*/~ but not
TMEM16~~ IFETs internalized NBD-PC and NBD-GalCer
upon Ca**-ionophore treatment (FIGS. 2B and 2C). These
results indicated that TMEMIGF is responsible for Ca®*-
dependent lipid scrambling in IFETs.

In agreement with previous report showing that Fas is not
expressed in T cells at early developmental stages (33),
IFETs do not express Fas (FIG. 2D). When IFETs were
transformed with mouse Fas, Fasl. efficiently activated
caspase 3 (FIG. 2E) and the cells quickly responded by
exposing PS (FIG. 2F). A TMEM16F-null mutation did not
affect either FasL-induced PS exposure or caspase activation
(FIGS. 2E and 2F). In cells undergoing apoptosis, cell size
decreases and cellular granularity increases (34). Treating
the TMEM16F"*#* and TMEM16F~"~ IFETs with FasL
decreased the cell size (forward-scattered light, FSC) and
increased the cellular granularity (side-scattered light, SSC)
to the same extent (FIG. 2G). Therefore, we concluded that
caspase-dependent apoptotic PS exposure and cell shrinkage
take place independently of TMEMI16F.

TMEMI16 Family Members’ Abilities to Expose PS

The ten TMEM16 family members have similar topolo-
gies, and 20-60% amino acid sequence identity (35,36). To
examine TMEMI16 family members’ ability to scramble
phospholipids, we transformed TMEMI16F F~~ IFETs, in
which the Ca®*-dependent lipid scramblase activity is com-
pletely lost, with mouse retroviral vectors carrying FLAG-
tagged TMEM16 family members. Since the expression
plasmids for TMEM16C, 16D, and 16E with their endog-
enous sequences produced very low protein levels in IFETs,
their sequences were modified to optimize the mRNA sta-
bility and translation efficiency. Western blots with an anti-
FLAG mAb detected a specific band for each TMEM16
family member (FIG. 3A). Except for TMEMI16K, their
apparent Mr, detected by SDS-PAGE, is larger than the
calculated Mr, which may be explained by glycosylation
because these members carry 1-6 N-glycosylation sites. On
the other hand, the apparent Mr (65 kDa) of TMEM16K, that
does not have a putative N-glycosylation site, was signifi-
cantly smaller than its estimated Mr (76 kDa). Some mem-
brane proteins are known to behave anomalously in SDS-
PAGE (37), and TMEM16K may belong to the group of this
category. The Western blots also showed that most of the
TMEM16 family members were expressed at similar levels,
except that the TMEMI16E level was 3-5 times lower, and
TMEMI16K level 5-10 times higher than those of other
family members (FIG. 3A). As expected, Ca** ionophore
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treatment efficiently induced TMEMI16F~~ IFET transfor-
mants expressing TMEMI16F to expose PS (FIG. 3B). The
TMEMI16D—as well as TMEM16G and 16J—transfor-
mants also exposed PS upon Ca**-treatment, although the
ability of TMEM16G, or 16] to enhance the PS exposure
was weaker than that of TMEM16F and 16D. On the other
hand, no or little PS-exposing activity was detected with
TMEMI16A, 16B, 16C, 16E, 16H and 16K. Similarly,
TMEMI16F~"~ IFETs lost the ability to internalize NBD-PS,
and this activity was rescued strongly by transforming the
cells with TMEM16D, 16F, and 16], and weakly by 16G.
While, IFETs transformants expressing TMEM16C and 16E
did not internalize NBD-PS (data not shown).

TMEM16 Family Members’ Abilities to Scramble Lipids

TMEMI16F scrambled not only PS and PE, but also other
lipids (FIG. 2). To examine the lipid scramblase activity of
other TMEMI16 family members, TMEMI16F~~ IFETs
expressing TMEM16 family members were incubated with
a fluorescent probe, NBD-PC or NBD-GalCer. As shown in
FIG. 4A, the TMEMI16F~~ IFETs expressing TMEM16D
constitutively, or without A23187-treatment, internalized
NBD-PC, and this internalization was strongly enhanced by
the A23187 treatment. The A23187-induced NBD-PC
uptake with the TMEM16D transformants was stronger than
that observed with the 16F-transformants. Pre-treatment of
TMEMI16D-transformants with BAPTA-AM, a cell-perme-
able Ca®* chelator, reduced the NBD-PC uptake observed
without Ca**-ionophore (FIG. 4B), suggesting that the
endogenous cellular level of Ca** is sufficient to activate the
scrambling activity of TMEM16D. As with PS exposure, the
A23187- treatment did not induce NBD-PC uptake in IFETs
expressing TMEMI16A, 16B, 16E, 16H, or 16K (FIG. 4A).
However, cells expressing TMEMI16C, 16G, or 16] did
internalize NBD-PC when treated with Ca®* ionophore.

A similar result was obtained using NBD-GalCer as a
substrate. When treated with A23187, TMEM16F~'~ trans-
formants expressing TMEM16F incorporated NBD-GalCer,
but those expressing TMEM16A, 16B, 16E, 16H, or 16K did
not (FIG. 4C). Cells expressing TMEM16D constitutively
incorporated NBD-GalCer, and this uptake was enhanced by
A23187 treatment. The cells expressing TMEM16C, 16G, or
167 also internalized NBD-GalCer, although TMEM16C’s
ability to internalize NBD-GalCer was weaker compared
with others. These results suggested that TMEM16C, 16D,
16F, 16G and 16] scramble various phospholipids and
glycosphingolipids with some different substrate preference.
Chloride Channel Activity of TMEM16 Family Members

TMEMI16A and 16B are Ca**-dependent CI~ channels
(22-24). To determine whether there are any other TMEM16
family CI~ channels, and whether the scramblase activity of
TMEM16 family members depends on Cl™-channel activity,
human 293T cells were co-transfected with the TMEM16
expression plasmid and a vector expressing GFP (FIG. 5A).
The Ca**-dependent chloride channel activity in GFP-posi-
tive cells was then determined by whole-cell patch clamp
analysis (23). We chose 293T cell line as host cells because
it has little Ca**-dependent C1™-channel activity (FIG. 5B)
and was used successtully to show that TMEM16A and 16B
act as CI” channels (22-24).

In the patch-clamp analysis, increasing the intracellular
free Ca®* in the pipette solution to 500 nM yielded large
outward rectifying currents in cells expressing TMEM16A
or 16B (FIGS. 5B and 5C). In contrast, other TMEM16
family members induced little if any Ca**-dependent current
in 293T cells, and the effect of increasing the pipette solution
Ca®* concentration from 500 nM to 5 uM was negligible
(data not shown). Therefore, we concluded that within the
TMEM16 family, only TMEM16A and 16B act as Ca*-
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dependent CI~ channels, and that the phospholipid scram-
bling activity of TMEM16C, 16D, 16F, 16G, and 16] is
independent of Cl™-channel activity.
Expression of TMEM16 Family Members in Mouse Tissues

Real-time PCR analysis of TMEM16 mRNA in various
mouse tissues showed that each tissue expressed only a
limited number of TMEM16 family members (FIG. 6). Of
the two C1~ channels of TMEM16 family, TMEM16A and
16B, we found that TMEM16B was strongly expressed in
brain and eye tissues, but weakly expressed or absent in
tissues where TMEM16A was strongly expressed, such as
the pancreas, liver, salivary glands, stomach, lung, skin, and
mammary glands. Of the 5 lipid scramblases of TMEM16
family, 16C, 16D, 16F, 16G and 16]J, TMEMI16F was
ubiquitously expressed in various tissues. Whereas, other
scramblases were present only in a few tissues: TMEM16C
and 16] were strongly expressed in the brain and skin,
respectively, while 16D was found at a low level in a few
tissues such as the brain, ovary, heart, and eyes, and 16G and
16] were found in the stomach and intestines. Of the
TMEMI16 proteins that did not show scramblase or Cl™-
channel activity, 16H and 16K were expressed ubiquitously
in various tissues, while 16E was expressed only in the
muscle and skin.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 46

<210> SEQ ID NO 1

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 1

atatggatcce accatgaggg tccccgagaa gta

<210> SEQ ID NO 2

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 2

atatgaattc cagegegtee ccatggtact

<210> SEQ ID NO 3

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 3

atatgaattc cgcatgcact ttcacgacaa cca

<210> SEQ ID NO 4

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 4

atatgaattc tacattggtg tgctgggacce

<210> SEQ ID NO 5

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 5
atatggatcc aaaatggtcce accactcagg cte
<210> SEQ ID NO 6
<211> LENGTH: 30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

33

30

33

30

33
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-continued

22

<220> FEATURE:
<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 6

atatcaattyg aggccattca tggtgaatag

<210> SEQ ID NO 7

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 7

atatagatct aaaatggagg ccagctctte tgg

<210> SEQ ID NO 8

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 8

atatcaattyg tggccactca ttgtgatgtg

<210> SEQ ID NO 9

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 9

atatggatcc gagatggtgg agcaggaagg ctt

<210> SEQ ID NO 10

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 10

atatcaattg gactgtagtt ttagecttca

<210> SEQ ID NO 11

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 11

atatagatct gacatgctge gggggcaage geg

<210> SEQ ID NO 12

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 12

atatgaattc gecteeggta acccctactg

30

33

30

33

30

33

30
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-continued

<210> SEQ ID NO 13

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 13

atatagatct gccatggecg aggeggette ggg 33

<210> SEQ ID NO 14

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 14

atatgaattc aggcctgtga cctgegtcect 30

<210> SEQ ID NO 15

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 15

atatgaattc agcatgcagg atgatgagag ttc 33

<210> SEQ ID NO 16

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 16

atatcaattg tacatccgtg ctcctggaac 30

<210> SEQ ID NO 17

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 17

atatggatcc aagatgagag tgactttatc aac 33

<210> SEQ ID NO 18

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 18

atatcaattg ggtagcttcc ttcccatctt 30

<210> SEQ ID NO 19

<211> LENGTH: 2977

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The designed nucleotide sequence for mouse
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-continued
TMEM16C

<400> SEQUENCE: 19

ggegegeegy atccgecace atggtgcacce acagceggcag catccagagce ttcaagcage 60
agaaaggcat gaacatcagc aagagcgaga tcaccaccga ggccagcectyg aagcccagca 120
gaagaagcct gccctgectyg gcoccagagcet acgcccacag caagagectg agcecagageg 180
ccagectgtt ccagagcacce gagagcgaga gccaggcccece taccagegtyg accttectga 240
gegecgacaa gceccgagcac gtgaccagceg aggaaagcag aaaggacagce accctgaagt 300
gecagcettege cgacctgage gacttetgte tggcecctggg caaggacaag gactacctgg 360
acgagagcga gcacgccaac tacgacagaa gcagactget gaacgacttce gtgaccaagg 420
acaagcccge cagcaagacc aagctgagca agaacgacat gagctatatc gccagcageg 480
gectgetgtt caaggacgge aagaagagaa tcgactacat cctggtgtac cgcaagacca 540
acatccagta cgacaagagg aacaccttcg agaagaacct gagagccgag ggcctgatge 600
tggaaaaaga gcccgcetatce gecaaccceeg acatcatgtt tatcaagatc cacatcccct 660
gggacaccct gtgcaaatac gccgagagac tgaacatcag ggtgccecttce cggaagaagt 720
gctactacac cgaccagaag aacaagagca agagcagggt gcagaactac ttcaagcgga 780
tcaagaaatg gatgagccag aaccccatgg tgctggacaa gagegectte cccgagetgg 840
aagagagcga ctgctacacc ggccccttca gcagagccag aatccaccac ttcatcatca 900
acaacaagga caccttcttc agcaacgcca ccagatccag aatcgtgtac cacatgetgg 960
aacggactaa gtacgagaac ggcatcagca aagtgggcat cagaaagctyg atcaccaacg 1020
gctectatat cgecgectte ccaccccacg agggcgecta caagagcagce ctgeccatca 1080
agacccacgg cccccagaac aacagacatce tgetgtacga gagatgggece agatggggaa 1140
tgtggtacaa gcaccagccce ctggacctga tcagaatgta cttcggcgag aagatcggcece 1200
tgtacttecge ctggctggge tggtacaccg gcatgctgat cecctgeccgece gtegtgggece 1260
tgtgcgtgtt cttctacgge ctggtcacca tgaacgagtc ccaggtgtcce caggaaatct 1320
gcaaggccac cgaggtgtte atgtgcccce tgtgcgacaa gaactgcagce ctgcagaggce 1380
tgaacgacag ctgcatctac gccaaagtga cctacctgtt cgacaacggc ggcaccgtgt 1440
tcttegecat cttcatgget atctgggcta ccgtgttect ggaattttgg aagagaaggce 1500
ggagcatcct gacctacace tgggacctga tcgagtggga ggaagaggaa gagacactga 1560
ggccccagtt cgaggccaag tactacagaa tggaagtgat caaccccatc accggcaagce 1620
ctgageccca ccageccage agcgacaaag tgaccagact getggtgtece gtgtecggea 1680
tcttettecat gatcagcecctg gtcatcaccg ccecgtgttege cgtggtggtg tacagactgg 1740
tggtcatgga acagttcgcc agcttcaagt ggaacttcegt gaagcagcac tggcagttcg 1800
ccaccagcgg agccgccgtg tgcatcaact ttatcatcat catgctgctg aacctggect 1860
atgagaagat cgcctacctg ctgaccaacce tggaatacce cagaaccgag tccgagtggg 1920
agaacagctt cgccctgaag atgttcectgt tccagttegt gaacctgaac agctctatct 1980
tctatatcge cttcetteetg ggeccgetteg tgggccacce cggcaagtac aacaagctgt 2040
tcgagaggtg gcggctggaa gagtgccacce ccagcggcetg cctgatcgac ctgtgcectge 2100
agatgggcgt gatcatgttc ctgaagcaga tttggaacaa cttcatggaa ctgggctacc 2160
ccctgatceca gaactggtgg tccagacaca agatcaagag aggcatccag gacgccagca 2220
tcececagtyg ggagaatgac tggaacctge ageccatgaa catccacgge ctgatggacg 2280
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-continued

28

agtacctgga aatggtgctg cagttcggct tcaccaccat cttcegtggece getttceccce 2340
tggccectet getggccetyg ctgaacaaca tcatcgagat cagactggac gectacaagt 2400
tegtgaccca gtggeggagg cccctgectyg ccagagcecac agacatcgge atctggetgg 2460
gcatcctgga aggcatcgga atcctggecg tgatcacaaa cgccttegtg atcgcecatca 2520
ccagcgatta catccccege ttegtgtacg agtataagta cggcccecctge gecaaccacg 2580
tgaagcagaa cgagaactgc ctgaagggct acgtgaacaa cagcctgagce ttcecttcgacce 2640
tgtcegaget gggcatggge aagagegget actgcagata cagagactac agaggceccce 2700
cttggagcag caagccctac gagttcacce tgcagtactg gcacatcctg gecgccagac 2760
tggccttecat catcgtgtte gagcacctgg tgttcggcat caagtcecctte attgectacce 2820
tgatccccega catccccaag ggcctgagag agagaatcag acgcgagaag tacctggtge 2880
aggaaatgat gtacgaggct gagctggaac atctgcagca gcagagaaga aagagcggcce 2940
agcccatcca ccacgagtgg cctgaattct taattaa 2977
<210> SEQ ID NO 20

<211> LENGTH: 2899

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The designed nucleotide sequence for mouse

TMEM16D

<400> SEQUENCE: 20

ggcgegeegg atccgecace atggaagcca gcagcagegg catcaccaac ggcaagaaca 60
aggtgttcca cgccgaggge ggectggace tgcagagceca ccagetggac atgcagatcce 120
tgcccgacgyg ccccaagage gacgtggact tcagegagat ccetgaacgece atccaggaaa 180
tggccaagga cgtcaacatce ctgttegacg agetggaage cgtgaacage ccctgcaagg 240
acgacgacag cctgctgecac cccggcaace tgaccagcac cagegaggac accagcagac 300
tggaagctgg cggcgagaca gtgcgcegaga gaaacaagag caacggcectg tacttcaggg 360
acggcaagtyg cagaatcgac tacatcctgg tgtacagaaa gagcaaccce cagaccgaga 420
agagagaggt gttcgagagg aacatcagag ccgagggect gcagatggaa aaagagagca 480
gectgatcaa cagcgacatc atcttegtga agetgcacge ccectgggayg gtgetgggea 540
gatacgccga gcagatgaac gtgeggatge ccttcagacg gaaaatctac tacctgecca 600
ggcggtacaa gttcatgage aggatcgaca agcagatcag caggttcaga cggtggetge 660
ccaagaaacc catgagactg gacaaagaga cactgcccga cctggaagag aacgactgcet 720
acaccgccecce cttcagecag cagagaatce accacttcat catccacaac aaggacacat 780
tcttcaacaa cgccaccaga tccaggateg tgcaccacat cetgcagagg attaagtacg 840
aggaagggaa gaacaagatc ggcctgaaca gactgctgac caacggcage tacgaggecg 900
cctteccact gecacgaggge agctacagaa gcaagaacag catcaagace cacggegetg 960

tgaaccacag acatctgctg tacgagtgct gggccagetg gggcgtgtgg tacaagtacce 1020

agccectgga cectegtgegg agatacttcecg gcgagaagat cggactgtac ttegectggce 1080

tgggctggta caccggcatg ctgttcecctg ccgectttat cggcectgtte gtgttcectgt 1140

acggcgtgac caccctggac cactgecagg tgtccaaaga agtgtgccag gccaccgaca 1200

tcatcatgtg cccegtgtge gacaagtact gcceccttcecat gagactgage gacagctgceg 1260

tgtacgccaa agtgacccac ctgttcgaca acggcgccac cgtgttctte gecgtgttca 1320
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30

tggcecgtgtg ggctaccgtyg ttectggaat tttggaagag gcggagagcece gtgatcgect 1380
acgactggga cctgatcgac tgggaggaag aagaggaaga gatccggecce cagttcgagg 1440
ccaagtacag caagaaagaa cggatgaacc ccatcagegg caagcccgag ccctaccagg 1500
ccttcaccga caagtgcagce agactgatcg tgtccgecag cggcatctte ttcatgatct 1560
gcgtegtgat cgccgecgtg tteggcatceg tgatctacag agtggtcacce gtgtccacct 1620
tegeegectt caagtgggcece ctgatcagaa acaacagcca ggtggccacce accggcaccyg 1680
ccgtgtgtat caacttctge atcatcatge tgctgaacgt cctgtacgag aaggtggcecce 1740
tgctgectgac aaacctggaa cagcccagaa ccgagagcega gtgggagaac agcttcacce 1800
tgaagatgtt tctgtttcag ttcgtgaacc tgaacagctc taccttctat atcgecttcet 1860
tcetgggacg gttcaccgge caccctggceg cctacctgag actgatcaac cggtggcggce 1920
tggaagagtg ccaccccagce ggctgcectga tcgacctgtg catgcagatg ggcatcatta 1980
tggtcctgaa gcagacctgg aacaacttca tggaactggg ctaccccctg atccagaact 2040
ggtggaccag acggaaagtg cggcaggaac acggcaccga gagaaagatc aacttccccce 2100
agtgggagaa ggactacaac ctgcagccca tgaacgccta cggcctgttt gacgagtacce 2160
tggaaatgat cctgcagttc ggcttcacca ccatcttegt ggccgecttte ccecctggecce 2220
ccetgetgge tectgctgaac aacatcatcg agatcagact ggacgcecctac aagttcegtga 2280
cccagtggeg gaggeccectyg getagcagag ccaaggacat cggecatttgg tacggeatce 2340
tggaaggcat cggcatcctg agcgtgatca ccaacgectt cgtgatcget atcaccagceg 2400
acttcatccce cagactggtg tacgcectata agtacggccce ctgtgectgge cagggcgagg 2460
ctggacagaa atgcatggtc ggatacgtga acgccagcect gagcgtgttce agaatcagceg 2520
acttcgagaa cagaagcgag cccgagageg acggcagega gttcagegge acccccectga 2580
agtactgcag atacagagac tacagggacc ccccccacag cctggeccect tacggctaca 2640
ccetgecagtt ctggcacgtg ctggcecgcca gactggectt catcatcgtg ttecgagcacce 2700
tggtgttectg catcaagcac ctgatcagct acctgatccce cgacctgccce aaggacctga 2760
gagacagaat gcggagagag aagtacctga ttcaggaaat gatgtacgag gccgagcetgg 2820
aaagactgca gaaagagcgc aaagagcgga agaagaacgg caaggcccac cacaacgagt 2880
ggcccgaatt cttaattaa 2899
<210> SEQ ID NO 21

<211> LENGTH: 2746

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The designed nucleotide sequence for mouse

TMEM16E

<400> SEQUENCE: 21

ggcgegeegg atccgecace atggtcgaac aggaaggect gaccgccaaa gagatcgact 60
acgccttoca gcagaacgag aacctgggca gcaaagagac aagettceetg atccccgagg 120
acctgcagag ccccectgag aagagattca acctgttect gagaaggegg ctgatgttece 180
agagaagcga gcacagcaag gacagcegtgt tcttcaggga cggcatcaga cagatcgact 240
tegtgetgag ctacgtegag gatctgaaga aggacggcega getgaaggee gagagaagaa 300
gagagttcga gcagaacctg agaaagaccyg gectggacct ggaaaccgag gacaagcetga 360

acagcgagga cggcaagacce tacttegtga agatccacge cecctgggag gtgctggtca 420
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-continued
catacgctga agtgctggge atcaagatge ctatcaaget gagcgacatc cccagaccca 480
agtacccccee cctgtectac atgetgggeg cegtgaaget geccagcage gtgaagtace 540
ctacccccga gtacttcacce geccagttca gecagacacag acaggaactyg tttctgatcg 600
aggacgaggce cacattcttc ccaagcagca ccagaaaccg gatcgtgtac tacatcctga 660
gcagatgcee ctteggegtyg gaagagggca agaagaagat cggcatcgag agactgctca 720
acagcaacac ctacctgagc gectacccee tgcacgacgg acagtactgg aagcccagca 780
agaccaccag gcccaacgag aggtacaacc tgtgcaagaa ctgggccaga ttcagctact 840
tctacaaaga gcagccectte cacctgatcce ggaactactt cggcgaaaag atcgggatct 900
actttgtgtt cctgggctac tacaccgaga tgetgctgtt cgecgeccte gtgggactgg 960
cctgcttecat ctacggcectg ctgagcatgg aaaacaacag aaccagcacc gaaatctgeg 1020
accccgacat cggcggccag atgatcatgt gccccecctgtg cgacgaagtg tgcgactact 1080
ggcggctgaa caccacctgt ctgcactcca agttcagcca cctgttcgat aacgagagca 1140
cagtgttectt cgccctgtte atgggaatct gggtcaccct gttcectcgaa ttttggaagce 1200
agagacaggc cagactggaa tacgagtggg acctggtgga cttcgaggaa gaacagcagce 1260
agctgcagcet cagacccgag ttcgaggeca tgtgcaagca caagaaaatyg aaccccgtga 1320
ccaaagaaat ggaaccccac atgcccectgt gccacagaat cecttggtac ttegtgtecg 1380
gcaccaccgt gaccttcegge atggctcetge tgctgagtag catggtgtcce atcctgatcet 1440
acagactgag cgtgttcgecc accttcegcca gcttcatgga aagcgaggcce accctgcagt 1500
ccgtgaagag tttcttcaca ccccagetgg ccaccgecect gagcggctcet tgecctgaact 1560
gcatcgtgat cctgatccte aacttcttet acgagaagat cagcgcctgg atcaccaaga 1620
tggaaatccce tagaacccac caggaatatg agagcagcect gaccctgaag atgttcectgt 1680
tccagttegt gaactactac agctcctgct tctacgtgge cttcettcaag ggcaagttceg 1740
tgggctaccce cggcagctac acctacatgt tcaacatctg gcggagcgag gaatgcggcece 1800
ctgcecggetg tectgatcgaa ctgaccacce agctgaccat catcatgatc ggcaagcaga 1860
ttttcggcaa catccacgag gcectttcecage ccctgatett taactggtgg cgcagaagaa 1920
gggccagaac ccacagcgag aagctgtact ccagatggga gcaggaccac gacctccagg 1980
tgtacggcca cagaggcctg ttctacgagt atctggaaac agtgatccag ttecggcecttceg 2040
ccacactgtt cgtggctagce ttcccectgg ccecctetgtt cgceccectgatg aacaacatca 2100
tgggcatcag agtggacgcce tggaagctga ccacacagta cagacggcecce gtggecgcca 2160
aggctcactc tattggcgtg tggcaggaca tcctgtttgg catggccatce gtgtcecegtgg 2220
ccaccaacgc cttcatcgtg tetttcacca gcgacatcat ccccaggctg gtgtacttcet 2280
acgcctacag caccaacagc accgageccece tgtccggeta cgtgaacaac agcectgtcecg 2340
tgttcctgat cgctgactte cccaaccaca ccgtgccecat ggaaaagaaa gacttcgtga 2400
cctgecggta cagggactac agataccccece ccgaccacga ggataagtac agccacaaca 2460
tgcagttttg gcacgtgctyg gecgctaaga tgaccttcat catcgtgatg gaacacgtgg 2520
tgtttectgtt caagttcctg ctggectgge tgatccecctga cgtgcccaag gacgtggtgg 2580
aaaagatcaa gagggaaaag ctgatgacca tcaagatcat ccacgatttc gagctgaaca 2640
agctcaaaga gaatctggac gtcgagtacg ggaacatcat gaagaacgtg ctggtggacg 2700
aggacaactc cctgaaggcc aagaccacag tggaattctt aattaa 2746
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 22

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer designated

SEQUENCE: 22

ctccagagtt tgtaagtaac acat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 23

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer designated

SEQUENCE: 23

cagtcatcga tgaattcata actt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 24

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer designated

SEQUENCE: 24

aagactgatt tccaaggtta tcgaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 25

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer designated

SEQUENCE: 25

accccgacge cgaatgcaag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 26

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer designated

SEQUENCE: 26

getggtectyg cctgacgety

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 27

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer designated

SEQUENCE: 27

gaggcgcaca cctgggtcac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 28

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer designated

for PCR

24

for PCR

24

for PCR

25

for PCR

20

for PCR

20

for PCR

20

for PCR
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-continued

36

<400> SEQUENCE: 28

atggggegtyg gatccggaca

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 29

gccagcaatt gccaaccccyg

<210> SEQ ID NO 30

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 30

gecagtccgac tcctecaget ct

<210> SEQ ID NO 31

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 31

acaggcatge tctteccege

<210> SEQ ID NO 32

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 32

gegatcactyg cteggegtet

<210> SEQ ID NO 33

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 33

agcagcteca getteggect

<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 34

ttcacgctet gcagggtgge

<210> SEQ ID NO 35

20

20

22

20

20

20

20
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-continued

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer designated

<400> SEQUENCE: 35

cccacctttyg gatcactgga

<210> SEQ ID NO 36

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer designated

<400> SEQUENCE: 36

tcgtatgett gtettttect

<210> SEQ ID NO 37

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer designated

<400> SEQUENCE: 37

acatgtgcce getgtgetee

<210> SEQ ID NO 38

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer designated

<400> SEQUENCE: 38

gggccgagge ctetectcaa

<210> SEQ ID NO 39

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer designated

<400> SEQUENCE: 39

tggaggagce acgtccccag

<210> SEQ ID NO 40

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer designated

<400> SEQUENCE: 40

gcggggcaga cccttcacac

<210> SEQ ID NO 41

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

for PCR

20

for PCR

20

for PCR

20

for PCR

20

for PCR

20

for PCR

20

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 41
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40

-continued

getgtggtgg tgactgggge

<210> SEQ ID NO 42

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 42

ccaggcegegt ggatttecca

<210> SEQ ID NO 43

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR
<400> SEQUENCE: 43

tgggggcaga agcagtcggt

<210> SEQ ID NO 44

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 44

ggectgtggyg tagccaggga t

<210> SEQ ID NO 45

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR

<400> SEQUENCE: 45

tgtgatggtg ggaatgggtc ag

<210> SEQ ID NO 46

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer designated for PCR
<400> SEQUENCE: 46

tttgatgtca cgcacgattt cc

20

20

20

21

22

22

The invention claimed is:

1. A method for screening an agent promoting or inhib-
iting a biological function of a transmembrane protein 16
(TMEM16) family member as a lipid scramblase, which
comprises the following steps:

(1) treating TMEMI16F deficient cells into which a gene
encoding and expressing the TMEM16 family member
selected from the group consisting of TMEMI16C,
TMEM16D, TMEM16G and TEMEMI16] has been
introduced with a candidate of the agent in the presence
of Ca**, and

(2) determining whether the candidate alters distribution
of a lipid selected from the group consisting of phos-

60

65

phatidylserine, phosphatidylcholine, and galactosylce-
ramide in plasma membrane of the cells,

wherein a candidate which significantly increases distri-
bution of phosphatidylserine in the outer leaflet of
plasma membrane compared to control is selected as an
agent promoting a biological function of the TMEM16
family member as a lipid scramblase, and a candidate
significantly which decreases distribution of phospha-
tidylserine in the outer leaflet of plasma membrane
compared to control is selected as an agent inhibiting a
biological function of the TMEM16 family member as
a lipid scramblase, and
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a candidate which significantly increases distribution of
phosphatidylcholine or galactosylceramide in the inner
leaflet of plasma membrane compared to control is
selected as an agent promoting a biological function of
the TMEM16 family member as a lipid scramblase, and
a candidate which significantly decreases distribution
of phosphatidylcholine or galactosylceramide in the
inner leaflet of plasma membrane compared to control
is selected as an agent inhibiting a biological function
of the TMEM16 family member as a lipid scramblase;
and

wherein
the cells are human, monkey, mouse, or rabbit cells,

the distribution of phosphatidylserine in plasma mem-
brane is determined by detecting the binding between
phosphatidylserine exposed to the cell surface and an
agent having phosphatidylserine-binding property, and

5

15

42

the distribution of phosphatidylcholine or galactosylcer-
amide in plasma membrane is determined by utilizing
a fluorescently-labeled lipid.

2. The method of claim 1, wherein the lipid is selected
from phosphatidylcholine or galactosylceramide when the
TMEMI16 family member is TMEM 16C.

3. The method of claim 1, wherein the lipid is selected
from phosphatidylserine, phosphatidylcholine, or galacto-
sylceramide when the TMEM16 family member is TMEM
16D.

4. The method of claim 1, wherein the lipid is selected
from phosphatidylserine, phosphatidylcholine, or galacto-
sylceramide when the TMEM16 family member is TMEM
16G.

5. The method of claim 1, wherein the lipid is selected
from phosphatidylserine, phosphatidylcholine, or galacto-
sylceramide when the TMEM16 family member is TMEM
16J.



